Slightly higher levels of 1,25(OH) 2 vitamin D 3 were observed at baseline in patients with pain increase, but did not significantly change during treatment; however, average levels of 25(OH) vitamin D 3 increased, likely because of supplementation. Although biochemical markers did not discriminate efficiently between pain groups, a signature of 166 genes in peripheral blood mononuclear cells was identified that could stratify patients into the various groups observed in this pilot study. The gene signature was enriched in components of inflammatory signalling and chemokine expression, of antitumoural immunity pathways, and of metabolic response to hormones and xenobiotics, although no clinically significant association could be made in the present study, considering the small number of patients. Nevertheless, the observed trend suggests the feasibility of developing surrogate predictive markers of msk pain. Patient compliance was high in this study and was not affected by pain exacerbation.
Conclusions
Baseline msk assessment showed pre-existing causes for pain in most of the study patients before initiation of the ai. Exacerbation of existing osteoarthritis pain and tenosynovial symptoms was the primary cause of pain increase. Musculoskeletal pain assessment at baseline and prompt treatment of pain symptoms may help to optimize adherence to ai therapy. The value of routinely assessing inflammatory markers such as C-reactive protein and erythrocyte sedimentation rate was not supported by our pilot study. Gene expression profiles in peripheral blood mononuclear cells may be further explored in larger-scale studies as stratification markers to identify patients at risk of developing arthralgia.
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ABSTRACT

Background
Although arthralgia is a known adverse effect of aromatase inhibitor (ai) treatment in postmenopausal breast cancer patients, few studies have carried out a comprehensive evaluation of the nature, onset, and incidence of musculoskeletal (msk) pain in these patients. We therefore used a pilot study to identify conditions or markers predictive of pain.
Methods
For 24 weeks, we monitored 30 eligible postmenopausal women starting ai therapy. Pre-existing and incident msk conditions and pain were assessed clinically and with ultrasonography of the hands and wrists. In addition, patient questionnaires were used to assess pain before and during ai therapy. Biochemical markers were measured at baseline and at regular intervals after anastrozole therapy began. Gene profiling studies were carried out before and 48 hours after the initial ai administration.
Results
Over the 24-week study period, 20 participants (67%) showed no pain symptoms; 5 (17%) experienced low or moderate pain at baseline, which did not increase with ai treatment; and during therapy, 5 (17%) showed exacerbation of pain attributable to osteoarthritis of the hand and to finger flexor tenosynovitis. Although all 30 participants had some degree of msk conditions before anastrozole therapy started, the pre-existing conditions did not necessarily predispose the women to increased pain during anastrozole treatment. Higher levels of urinary N-telopeptides of type i collagen were associated with the groups presenting pain, suggesting a higher extent of pre-existing bone resorption, without significant evolution over the 24-week treatment period.
INTRODUCTION
Compared with tamoxifen, aromatase inhibitors (ais) such as anastrozole, letrozole, and exemestane show increased disease-free survival benefits; they have therefore become the standard of care for adjuvant endocrine treatment of postmenopausal women with hormone receptor-positive early breast cancer 1 . Adverse effects of ais include a higher risk for bone fractures and arthralgia, the latter being a clinical symptom defined as nonspecific pain in the joints. In one of the first reports of arthralgia associated with anastrozole treatment, 16% of women with metastatic breast cancer developed joint pain within 2 months of starting treatment 2 .
The incidence of musculoskeletal (msk) symptoms in phase iii clinical trials of anastrozole, letrozole, and exemestane has been recently reviewed 3 , and women on those ais have shown significantly higher rates of arthralgia than are seen with tamoxifen ( Table i) . In a specific study investigating arthralgia in 200 patients on ais, 47% of patients reported ai-related joint pain, and 44% reported stiffness 8 . Typically, patients on ais experience stiffness, achiness, or pain that is frequently symmetric, occurring in the hands, arms, knees, feet, and pelvic and hip bones 9, 10 . In addition, patients on ais may develop tenosynovial changes, including fluid in the tendon sheath, increased tendon thickness, trigger finger, and carpal tunnel syndrome (cts) [11] [12] [13] .
In ai trials in which the intensity of pain was reported (Breast International Group 1-98, for example), pain was usually mild, with 58% of women on letrozole experiencing pain categorized as grade 1, and 33%, grade 2 14 . The Arimidex, Tamoxifen, Alone or in Combination (atac) trial reported that pain symptoms resolved within 6-18 months (50% and 75% of patients respectively) 15 . Nevertheless, pain has a considerable impact on quality of life in women on ai therapy. In a prospective study of 100 patients on either letrozole or exemestane, 45.4% developed joint symptoms meeting criteria for rheumatology referral 11 . Median time to development of symptoms was 1.6 months, and 13% of patients discontinued therapy after a median period of 6.1 months 11 . Discontinuation rates on account of pain have not been reported in large clinical trials, but rates as high as 20% have been noted in studies outside of such trials 16, 17 .
Few studies have set out to determine the risk factors that may be associated with onset of arthralgia in women on ai therapy. In the atac trial, risk factors for arthralgia (regardless of whether patients were on anastrozole or tamoxifen) included previous chemotherapy, previous hormone replacement therapy, hormone receptor positivity, and obesity 18 . In a study by Crew et al. specifically investigating the prevalence of pain in women with early-stage breast cancer on ai therapy, those who had received prior taxane therapy had a likelihood of experiencing pain that was increased by a factor of 4 8 .
Because joint pain is perceived by the nociceptive fibres innervating articular structures, and because estrogen has a protective effect on those fibres 19, 20 , it has also been suggested that ai-associated arthralgia may be triggered by the ability of ais to swiftly and effectively cause estrogen depletion 21 . In a survey carried out to assess the perceived onset, characteristics, and risk factors for arthralgia among 300 postmenopausal women receiving ai therapy, multivariate analysis showed that time since the last menstrual period was the only significant predictor for arthralgia and that women within 5 years of their last menstrual period had a tripled age-adjusted risk compared with women who were within 10 years of their last menstrual period 22 .
Because arthralgia and other msk symptoms appear to be a common side effect of ai therapy that may lead to discontinuation of treatment if symptoms persist, and because very little is known about this specific type of pain, we sought to determine the time of onset and the nature of pain symptoms in a prospective study of women in which a rheumatology examination was performed for all eligible patients before anastrazole start. We also wanted to evaluate the frequency with which a clinical rheumatology evaluation would have to be performed in a future larger-sample study. To minimize variability between patients, we confined our study to women on anastrozole because it is not known whether there are differences in the ability of the various ais to induce arthralgia and because our pilot study was small. Another secondary goal was to identify markers associated with msk pain symptoms. Within a multidisciplinary group of clinicians, we first attempted to select a series of markers that would help to identify patients susceptible to developing pain symptoms during ai administration. Because potential markers are numerous, and because we wanted to better select the markers, we designed an exploratory pilot study to include a wide variety of potential markers and to minimize the required number of patients before we embarked on a larger trial using specific markers.
Biologic markers have not thus far been predictive of arthralgia, but some associations have been noted. Patients on letrozole showed an increase in Creactive protein, a biomarker of inflammation, within the first 6 months after treatment start; however, that increase was not specifically correlated with arthralgia 23 . Urinary N-telopeptide of type i collagen is a marker of bone resorption and distinguishes normal, osteopenic, and osteoporotic bone mineral density levels 24 . Our rationale for selection of biomarkers was to test the potential effects on pain increase of the rate of estrogen depletion, of initial vitamin D status, and of pre-existing onset of bone loss.
We also conducted gene expression profiling studies and assessed signatures of inflammatory signalling and antitumoural activity to determine if certain expression signatures might predict the onset of pain. We turned to gene expression profiling because genomics has proven very useful at stratifying patients according to tumour type or response to therapy. Gene expression signatures have proved to have value in the stratification of breast patients into tumour subclasses with different associated prognoses 25 . In addition, expression signatures in peripheral blood mononuclear cells (pbmcs) have shown usefulness in the early detection of breast cancer 26 . Here, we explored the potential of gene expression profiling studies in pbmcs to stratify patients according to pain groups; our aim was to assess the potential value of profiling as a predictor of arthralgia risk. It has been proposed that women who develop ai-related arthralgia may have an anergic cytokine phenotype with lower baseline levels of some interleukins and colony-stimulating factors 3 . Furthermore, to accurately determine the effect of pain on patient compliance, we measured serum estradiol levels as an indicator of patient adherence to ai treatment.
METHODS
Patients
Over a period of 3 months from 2008 to 2009, we recruited 30 postmenopausal women with breast cancer eligible for adjuvant hormonal therapy with anastrozole at a single medical centre. Menopause was defined as age 56 and older with no spontaneous menses for at least 12 months before study entry, or age 55 or younger with no spontaneous menses for at least 12 months before study entry (spontaneous or secondary to a prior hysterectomy or bilateral oophorectomy) and with an estradiol level in the postmenopausal range. Table ii shows patient demographics and baseline characteristics. Patients were followed for a period of 24 weeks, with assessments for pain carried out at specific intervals as shown in Table iii.
Drug Treatment
Women were treated with oral anastrozole 1 mg and with vitamin D 800 IU and calcium 1000 mg supplementation daily.
Pain Assessment and Rheumatology Evaluation
Patients completed the Brief Pain Inventory Short Form (bpi) 27 , a self-directed questionnaire used to determine the presence, localization, and intensity of pain. A functional assessment was also carried out using the Health Assessment Questionnaire 28 . Questionnaires were completed at baseline before treatment start and were repeated after treatment start (Table iii) . At each visit, patients were questioned by the study staff about their pain and whether they had taken pain medication.
Clinical assessment by a rheumatologist was performed at baseline and was repeated over the course of the 24 weeks if patients had a pain score greater than 4 or twice the degree of pain demonstrated at baseline [as determined by the numeric score (0-10) for the question on general pain in the bpi questionnaire]. Included in the assessment by a rheumatologist was the localization and probable cause of msk and joint pain sites on physical examination.
Ultrasonography
Ultrasonography examination of the hands and wrists was performed to evaluate the occurrence of tenosynovial changes and cts, because ultrasonography is a useful imaging tool for assessing tenosynovial changes, trigger finger, and cts, and it is well tolerated by patients [29] [30] [31] . Static and dynamic ultrasonography was performed at baseline and at 12 weeks by a msk radiologist using a 7-12 MHz or 9-15 MHz linear transducer (iU22 xMatrix: Philips Healthcare, Andover, MA, U.S.A.). The dorsal and volar aspects of both hands and wrists were systematically scanned in transverse and longitudinal planes, and measurements were taken of the cross-sectional area of the median nerve at the level of the carpal tunnel and of the thickness of the A1 pulley of each finger. The flexor and extensor tendons were assessed for the presence of fluid in the tendon sheath and for tendon thickness.
Quality of Life Assessment
The Geriatric Depression Scale 32 , a self-administered questionnaire, was used to determine if patients were depressed.
Biomarker Tests
The inflammatory biomarkers C-reactive protein and erythrocyte sedimentation rate were measured using standard laboratory techniques, as were vitamin D levels. Urinary cross-linked N-telopeptides of type i collagen were measured using Osteomark (Wampole Laboratories, Princeton, NJ, U.S.A.), an enzymelinked immunosorbent assay. Serum estradiol was measured by both liquid chromatography mass spectrometry (lc-ms/ms) and radioimmunoassay. The limit of quantification (intra-and inter-assay variabilities) for the lc-ms/ms was less than 15%. Table iii presents the assessment schedule for each biochemical test. We performed analysis of variance and Tukey tests using the "aov" and "TukeyHSD" functions of the R language (http://www.R-project.org).
Gene Expression Profiles
Blood samples treated with the anticoagulant ethylenediaminetetraacetic acid were taken from each patient before and 48 hours after the initial ai administration. Peripheral blood mononuclear cells were isolated on Ficoll-Paque Plus gradient (GE Healthcare, Baie d'Urfe, QC), inspected visually for elimination of red blood cells, and lyzed in trizol. Extracted rna was quantified using a NanoDrop spectrophotometer (Thermo Scientific, Wilmington, DE, U.S.A.), and quality was assessed by Bioanalyzer (Agilent Technologies, Santa Clara, CA, U.S.A.). Gene expression analysis (29 patients, 2 time points) Rheumatology exam X X X X X Ultrasonography (hand/wrist) X X Pain intensity and quality a X X X X X X X Depression b X X X Functional assessment c X X X X X X X Estradiol (lc-mc/ms and ria) X X X X X X Vitamin D X X X X X X Urinary N-telopeptides of type i collagen X X X X X X C-Reactive protein X X X X X X Erythrocyte sedimentation rate X X X X X X Bone mineral densitometry X Blood samples for gene expression
Taken immediately before and 48 hours after initial administration of the aromatase inhibitor a Determined using the Brief Pain Inventory. b Determined using the Geriatric Depression Scale. c Determined using the Health Assessment Questionnaire.
lc-mc/ms = liquid chromatography mass spectrometry; ria = radioimmunoassay.
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RESULTS
Patient Characteristics
The 30 women enrolled in the study had been postmenopausal at the time of their breast cancer diagnosis. All women who had undergone lumpectomy received radiation. Chemotherapy was administered to 13 women (43%) after surgery and radiation at the discretion of the treating physician. In 11 of the patients, body mass index exceeded 30. Osteoarthritis was the most common condition at baseline, affecting 63% of patients, and osteoporosis was present in 5 women (17%, Table ii). One of the major findings of this pilot study is that the rheumatology assessment showed that all patients had a history of msk conditions before commencement of ai therapy. Every patient was thoroughly examined by a rheumatologist, which is unusual in the context of breast oncology and ai administration. Given the median age of this patient population (67 years), it was anticipated that, based on rigorous examination by an expert, all patients would be found to have msk conditions.
Pain Symptoms and MSK Conditions During AI Treatment
Despite the existing msk conditions at baseline, most patients (20 of 30, 67%) showed no pain symptoms (as determined by the bpi questionnaire) requiring any intervention during the course of ai treatment (Table iv) . At baseline, 14 of the 30 patients (47%) claimed to take pain medication occasionally when required. It should be noted that 2 patients in this group had pain related to breast cancer surgery, but did not have joint or msk pain. Low or moderate pain was present in 5 women (17%) at baseline, with no exacerbation over the 24-week study period. An increase in pain during treatment was reported by 5 women (17%). Of those 5 women, 4 experienced exacerbation of pain from pre-existing osteoarthritis, all localized in the hand joints; 1 woman experienced exacerbation of pain from knee osteoarthritis. Pain symptoms attributable to a tenosynovial phenomenon (finger flexor tenosynovitis) was experienced by 2 patients. In patients who experienced increased pain during treatment, the onset of pain occurred 7 weeks after treatment initiation. Over the 24-week period, the pain gradually increased to levels similar to those experienced by patients whose pain was not exacerbated, but remained below an intensity score of 5 on the bpi pain intensity score (Figure 1 ). The higher pain intensity was reached at 24 weeks, at which time data collection had been stopped per the study design. The patients are still taking ais; however, no data on their pain intensity are available. Patients whose pain was not exacerbated during the course of treatment experienced pain intensity levels that were greater than those in patients whose pain increased with ai treatment; however, their level of pain over the 24-week treatment period was similar to that at baseline. In 3 patients, ultrasonography at 12 weeks demonstrated an increase in the cross-sectional area of the median nerve of both wrists, but those patients remained asymptomatic for cts. Fluid developed in 2 patients, and a 3rd patient showed an increased amount of fluid within the tendon sheath surrounding the flexor tendons in 1 digit, but without associated clinical symptoms.
Patients were encouraged to take pain medication as needed. In total, 17 of 30 patients (57%) received nonsteroidal anti-inflammatory drugs, mainly naproxen, for pain relief either regularly or intermittently during the 24-week study period. Patients on regular pain medication were those who presented with pain at baseline and those who developed pain during treatment. A few patients took pain medication when required, but not regularly. Among the 5 patients who developed pain during treatment, 2 received steroid injections (one for plantar fasciitis, and the other for finger flexor tenosynovitis) in addition to medication for pain relief. The level of pain was tolerable after treatment, although it did not completely resolve. After the initial baseline evaluation by a rheumatologist, referral to a rheumatologist was required for 9 of the 30 patients (30%) during the subsequent weeks. No correlation was observed between pain from ai use and functionality or depression as measured by the Health Assessment Questionnaire and the Geriatric Depression Scale.
Biologic Markers
Regardless of the time of observation, differences in biologic markers observed between the patient groups included N-telopeptides of type i collagen (higher in the no-pain-exacerbation and pain-increase groups than in the no-pain group, adjusted p < 0.006, Figure 5 ). There is no clear explanation for these data, because the number of patients was too small for conclusions to be drawn.
Mean estradiol levels, as assessed by lc-ms/ms, were low at baseline (2.7 ± 1.4 pg/mL). Of the 30 patients, 14 (47%) showed no detectable levels of estradiol within 48 hours of commencing anastrozole treatment; 14 showed levels of below 0.9 pg/mL. In figure 2 Levels of urinary N-telopeptides of type i collagen in the patient groups during the 24-week study period. 2 patients, levels reached 1-2 pg/mL after 48 hours of treatment, but levels had been higher at baseline (6-7 pg/mL) in those patients than in the remainder of the cohort. Estradiol levels were non-detectable in all patients after 1 week of anastrozole treatment. Interestingly, levels increased suddenly in 2 patients (one at 12 days, one at 4 weeks), suggesting that those patients had failed to take their dose of anastrozole around those times. Estradiol levels could not be assessed by radioimmunoassay, because the level of sensitivity of the assay was insufficient.
Gene Expression Profiles
Gene expression profiles were generated using pbmcs purified from patient blood samples obtained immediately before and 48 hours after the initial administration of anastrozole. Genes with significant differences in expression level ( Figure 6 ) at the two time points (4454 genes) or at baseline between the various groups (6731 genes) were identified so that their capacity to stratify patients according to pain group could be investigated. It was possible to reduce the gene set to a signature set of 166 genes that presented optimal patient classification (Figure 7) . Top canonical pathways found by Ingenuity Pathway Analysis (Ingenuity Systems, Redwood City, CA, U.S.A.) to be enriched in this group of genes included lipopolysaccharide-mediated and interleukin 1-mediated inhibition of rxr (retinoid X receptor) function, ox40 signalling pathway, aryl hydrocarbon receptor signalling, sulphur metabolism, and xenobiotic metabolism signalling (Table v) .
We found it possible to identify and reduce gene signatures such that low error rates for classification of the group with pain increase were achieved. In the absence of a larger cohort, it was impossible to validate this gene signature, but our results support the feasibility of such an approach.
DISCUSSION
Although the phenomenon of pain symptoms in women on adjuvant hormonal treatment for early breast cancer is well documented, few studies have examined the factors predisposing those women to pain and, in particular, whether pain exists before initiation of treatment. Furthermore, no other study has reported rheumatology examination before initiation of ai therapy. In the present study, we found that all the participating women had msk conditions at baseline, but that those conditions did not necessarily predispose the patients to increased pain during anastrozole treatment. Of the 30 women, 5 (17%) were already experiencing pain before initiation of treatment, but did not experience pain exacerbation once treatment was initiated. Only 5 of the 30 women (17%) showed an increase in pain symptoms during treatment. Exacerbation of osteoarthritis (mainly in the hands) and finger flexor tenosynovitis were the clinical manifestations arising during ai treatment. Those conditions were diagnosed at clinical evaluation, but were not corroborated by ultrasonography.
Large clinical trials evaluating ais-anastrozole in atac 6 , letrozole in Breast International Group 1-98 7 , and exemestane in the International Exemestane Study 4 -have reported arthralgia rates ranging from 5.4% to 35.6% (Table i) . This broad range likely reflects a variety of definitions of arthralgia, arthritis, and bone pain, and the difficulty of categorizing nonspecific bone symptoms 9 . Small studies carried out before the routine use of ais as adjuvant treatment figure 6 Differential expression of genes in peripheral mononuclear cells in the study pain groups or in response to treatment. reported results similar to ours, with the incidence of pain ranging from 10% to 15% 2 . However, more recent studies of women receiving ais as adjuvant treatment have reported rates of 47% 8 and as high as 61% 16 . Regardless of the incidence, it is clear that ai treatment is associated with a degree of arthralgia requiring medical attention, and this aspect of ai treatment is being evaluated in a number of ongoing studies 3 . In our study, awareness that all women had msk conditions at baseline and regular monitoring of pain symptoms made it possible to keep the symptoms under control. The 5 women who experienced pain during the study received medication, and although the pain continued, it is possible that the intervention improved symptoms such that the women were able to continue taking anastrozole. Furthermore, study participants were encouraged to take pain relief medication if required, and those who presented with pain at baseline were kept on pain medication.
We observed no significant changes in biologic markers in our patient cohort over the study period apart from an increase in the average level of 25(OH) vitamin D 3 , regardless of pain group, probably reflecting daily oral supplementation. Levels of circulating 1,25(OH) 2 vitamin D 3 were slightly elevated (about 20%) in patients with increased pain compared with the other two groups, possibly reflecting higher levels of 1α-hydroxylase enzyme in some vitamin D target tissues in those patients; however, those levels did not increase over time. Levels of urinary N-telopeptides of type i collagen, a useful marker of osteopenia or osteoporosis 24 , were elevated in the groups that presented with pain during ai administration (the no-pain-exacerbation and pain-increase groups), suggesting pre-existing bone resorption. Inflammatory markers were not associated with pain groups, given that no significant differences were observed in erythrocyte sedimentation rates, and levels of C-reactive protein were in fact slightly lower in the group with no exacerbation of pain than in the group with no pain. Our findings confirm that none of the biochemical markers tested are predictive of pain increase.
Carpal tunnel syndrome and tenosynovial changes in the hands have been reported in association with ai treatment and have been postulated to be a cause of joint stiffness and pain 37 . In the present study, 3 women developed a subclinical increased amount of tenosynovial fluid in flexor tendons of the hands, and 3 women showed an increase in the cross-sectional area of the median nerve at 12 weeks, without clinical symptoms of cts. It would have been interesting to see if pain developed at a later time in those patients.
Gene expression profiles from pbmcs in the study patients at baseline and 48 hours after the initial administration of anastrozole indicate that it was possible in this pilot study to identify a gene signature that correctly classified the patients into pain categories.
That signature was enriched in components of inflammatory signalling and chemokine expression 38, 39 , of antitumoural immunity 40 pathways, and of metabolic response to hormones and xenobiotics 41, 42 . Although larger patient groups are required to further evaluate the identified gene sets, our results suggest that pbmc expression signatures represent a potential, readily available source of biomarkers for identifying patients at risk of developing arthralgia. These markers prognostic of pain increase, if validated in larger cohorts, could allow for identification of patients at risk of pain increase early in treatment.
Discontinuation of adjuvant hormone treatment has been noted in several studies, and some concern about that discontinuation is justified, because a recent study showed that women on tamoxifen with an adherence rate of less than 80% (determined by prescription records) had an increased risk of mortality at a median duration of 2.4 years 43 . In a study of anastrozole, only 69% of women were adherent over a median duration of 16.6 months 44 . Although there may be a variety of reasons for drug discontinuation, a Canadian study based on chart reviews showed that 22% of women ceased taking adjuvant ai because of toxicity, and in that study, arthralgia and arthritis were experienced by 20% and 10% of women respectively 45 . All the patients in our study were compliant with their medication, with only 2 patients (one experiencing no pain symptoms, and one experiencing no exacerbation of pain symptoms during ai therapy) intermittently forgetting as evidenced by a short spike in their estradiol levels. The lc-ms/ms method was shown to be effective, and superior to the radioimmunoassay method, in monitoring patient compliance, as evidenced by the fact that 2 patients were revealed to be nonadherent. This level of adherence is considerably higher than levels reported in other studies, albeit over a shorter period of time.
The fact that interventions for pain relief were applied immediately upon presentation of symptoms could account for the high level of adherence to treatment in our study. Furthermore, patients had access to physician and nursing care in the event of pain symptoms, which may have contributed to their treatment adherence. Effective and timely attention to pain symptoms in patients on ai treatment may allow them to continue their medication rather switch to another class of drug.
CONCLUSIONS
Identification of pre-existing msk conditions allows for effective treatment of pain, possibly increasing adherence to therapy. In the present study, baseline msk assessment showed pre-existing causes for pain in most patients before initiation of the ai. Assessment of msk pain at baseline and prompt treatment of pain symptoms may help to optimize adherence Current OnCOlOgy-VOlume 18, number 6 Copyright © 2011 Multimed Inc. Following publication in Current Oncology, the full text of each article is available immediately and archived in PubMed Central (PMC).
to ai therapy. Among the 30 study participants, only 5 (17%) showed an increase in pain symptoms during treatment. Exacerbation of osteoarthritis, mainly in the hands, and finger flexor tenosynovitis were the two clinical manifestations arising during ai treatment.
Given that patients begin to experience pain only about 7 weeks after initiation of ai treatment, the most appropriate time to begin evaluating pain in those patients is within 2-3 months after treatment initiation. Access to and frequent contact with physicians and nursing care play an important role in patient compliance with treatment.
Although the limitation of sample size precluded firm conclusions with respect to the stratifying power of any of the markers, identification of predictive markers of arthralgia based on gene expression profiles in pbmcs may further facilitate follow-up of patients at higher risk for msk pain. In this pilot study, the main goals were hypothesis generation and preliminary assessment; the data presented here need to be confirmed in a larger study.
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